Abstract -The potential use of an airlift pump to circulate and oxygenate water in an aquaculture facility is experimentally investigated. Currently, two systems are used in fish farms to perform the same function. These include air-stones for oxygenation and centrifugal or submersible pumps for water circulation. Airlift pumps operating under multiphase flow condition are proposed in order to replace these two systems with a single system. This solution offers a better energy efficient system while achieving ideal water quality for fish production. Airlift pump was designed and tested in a fish farm facility located at Aberfoyle, Ontario. The data for local water velocities and the required air injection flow rates for 4-units airlift pump arrangement was collected. The pump performance data for the dual injection airlift was compared to the airlift pump model developed for slug flow pattern. These tests were used to determine the appropriate sizing of the airlift pumps required for the water circulation in the raceways.
Introduction
In airlift pump, liquid or mixture of liquid and solids flow when air is injected at the bottom of a vertical pipe and a multiphase mixture reaches the top part of this vertical pipe know as a pump riser. Different injections methods in airlift systems are presented by Badr and Ahmed [1] and the pump performance is related to the type of injectors used. Badr and Ahmed [1] presented an injector that consists of two air chambers to supply air in both radial and axial direction. The radial injection is known to improve mass transfer and can be used to increase the oxygen levels in the water. The oxygen level in the water is crucial for the animal health and the success of fish production. Also, water circulation is important to avoid stagnation which can lead to multiple problems including the accumulation of excrement and other harmful particles that cause fish infection. Moving current in the raceways is also important for muscle build up and leads to a better yield form feed to biomass produced [2, 3] .
Airlift performance is highly dependent on the two-phase flow patterns in the pump riser as early reported by Kassab et al. [4] . These patterns are bubbly flow, slug flow, churn flow and annular flows. The transition between these flow patterns such as bubbly-slug or slug-churn flow have been also reported. The pump performance under the slug flow pattern is considered to be optimal operation. Under this pattern, the air acts as pistons which are the slugs that push the water column with maximum buoyant forces. They have developed a theoretical airlift pump model using two-phase separated flow model. Their model incorporated the slip between the two phases and effect of variable two-phase coefficient of friction. The model is also validated using experiments for different air flow rates, submergence ratios and pressure heads. The performance characteristics of the later dual injection airlift pump developed by Ahmed et al. [5] found to be predicted using the same model of Kassab at al. [4] . In this model the slug flow correlation for slip ratio is also used to predict the pump performance.
In this study, the performance data was collected for airlift pumps commercialized by FloNergia for different pump diameters. The pumps were tested in a fish farm located at Aberfoyle, Ontario. In this farm, the construction of the pump arrangement was selected to establish a raceway for a rainbow trout using a high grade equipment and air blowers. The velocity across the raceways that ran with the older technology airlifts was recorded. These older airlifts depend only on an air-stone injector that is imbedded into a larger pipe and acts more like an oxygenation device than a pump.
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Baseline Data for Raceway Velocities
The dual injection airlifts were installed in one of the two smaller raceways while the other raceway had the older system airlift technology installed. The raceways are constructed with a metal framing and a 5-cm sheet of plastic that wraps the frame. The larger raceways can accommodate 3000 rainbow trout at once. They are built on floating docks that are secured to the shore. The dimensions are listed in meters as shown in Figure 1 . The velocities were measured at standard conditions for the raceway operation. To measure the velocity, an ultrasonic flow tracking instrument was used. The Bubbler airlifts consists of two co-axial pipes with an outlet at the surface of the water. Air is injected through the smaller pipe and the water and air are pushed to the top. These types of airlifts provide the required aeration however, they lack ideal water flow velocity. For raceways and other aquaculture systems that are installed in open waters, oxygen levels are not a major concern. Water circulation is more important parameter when dealing with these types of raceways. The velocity is measured 1-m downstream from the water flow outlet. Four points were measured in line cross the raceway at the same distance away from the flow outlet. Three readings were taken at each point and an average was recorded for repeatability. The airflow rate in this measurement was 700 LPM which was the highest flow rate possible from the airline to the old airlifts. The results of the velocity readings are in the Table 1 . 
New Setup Design
The dual injection airlift pumps are designed based on the required water flow rate in the raceway. The pumps were connected to open ended PVC pipes with the same diameter as the pump it's connected to. Two setups were built one to test airlift performance of different diameters, the other to test raceway velocities. What is important was that the total length of the setups must be the same to achieve the same submergence ratio. The parameter that is being investigated is the change in airlifts geometry and how that affects performance. The setup was put on a custom built frame and an elbow was attached to the top making sure the proper length of 2.08-m was achieved. The frame had to accommodate and interchange all the diameter sizes tested 0.05-m, 0.10-m, 0.15-m, and 0.20-m. The airlift is installed to the frame and is submerged to the correct depth which is 1.78-m which is 0.85 submergence ratio. Two airlines are connected with two separate values to control the flow rate to each injector separately. A schematic of the setup is shown in Figure 2. 
Results
Once the required airflow rate is set through the valves the experiment run can begin. The process must be done by at least two people, one person collects the water and one person would time and write down the results. To time the run a simple stopwatch is used. A volume of water is collected over a period of time to determine the total mass flow rate of lifted water out of the pump. For each air flow rate selected three runs of the experiment were performed for repeatability. The point shown in the graph is an average of the three readings with the percentage error of 2.81%. Once all the possible flow range is complete the frame is pulled out of the water, and the next airlift pump is installed on to the frame and the experiment is repeated. The sample data below is for the 10-cm airlift pump and compared to the theoretical model developed by [4] . The 10-cm pump has the best potential out of the other dimensions to create similar velocities to the velocities created by the old airlifts. 166-4 The second setup was constructed with four 10-cm diameter Airlift pumps connected in a parallel network. Dedicated valves are in the network for axial and radial injection of each pump making a total of 8 valves in the system. This allows for more control over the air injection required. The network was put onto a metal frame as shown in Figure 5 . The velocity measurements were taken at 11 points along and across the raceway. The data recorded is displayed in table format and on a gradient on the raceway. The air flowrate that was used in the velocity readings shown was 1600 LPM which is the highest airflow rates possible in the system. Higher air flowrates were achieved because the used airlift pumps offer less pressure drop. 
Conclusion
The experimental results prove that large dimeter airlift pumps can be used to achieve the required water flow rates for raceways. Comparing between the velocities achieved using the airlift pump and the velocities required for the raceway, it is noticed that higher velocities can be achieved with similar air injection flow rate in the old system. The technology offered by Flonergia for airlift pumps found to provide adequate water circulation while providing aeration in the raceway. This can help improve the production efficiencies of fish farms while lowering the overall energy consumption and creating a better yield rate of fish production. 
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